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METHOD AND APPARATUS FOR 
ADAPTIVELY SHARPENING AN IMAGE 

BACKGROUND 

1. Field 

The present invention relates to sharpening an image and, 
more particularly, to adaptively sharpening an image. 

2. Background Information 
In digital imaging systems, image sharpening, sometimes 

referred to as “crispening,” is employed to enhance the 
image by removing the blurring effect introduced, typically, 
by different signal processing and/or optical ?ltering opera 
tions. A variety of “sharpening kernels” are typically 
employed in this process. Usually this involves applying a 
convolution of the sharpening kernel With the blurred image. 
One approach is to apply a ?xed kernel to sharpen an image 
or set of images. Another approach is to alloW the sharpness 
to be modi?ed based on human judgement. For example, the 
Photoshop® softWare product available from Adobe 
Systems, Inc., employs this approach. HoWever, a ?xed 
kernel does not produce good results in some situations, 
such as Where the image characteristics are varying, and 
manual adjustment is not practical in some situations, such 
as Where video is being employed. A need, therefore, exists 
for a process or technique that at least in part addresses the 
foregoing shortcomings. 

SUMMARY 

Brie?y, in accordance With one embodiment of the 
invention, a method of sharpening an image includes the 
folloWing. A crispening parameter is adaptively computed 
for a captured image based, at least in part, on a measure of 
the edges and brightness of the captured image. A kernel is 
applied to the captured image using the adaptively computed 
crispening parameter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particu 
larly pointed out and distinctly claimed in the concluding 
portion of the speci?cation. The invention, hoWever, both as 
to organiZation and method of operation, together With 
objects, features, and advantages thereof, may best be under 
stood by reference to the folloWing detailed description 
When read With the accompanying draWings in Which: 

FIG. 1 is a table illustrating a commonly used kernel, such 
as may be employed in an embodiment in accordance With 
the present invention; 

FIG. 2 is a diagram illustrating an embodiment of a 
system that may employ an embodiment of a method of 
sharpening an image in accordance With the present inven 
tion; 

FIG. 3 is a table illustrating another commonly used 
kernel, such as may be employed in an embodiment in 
accordance With the present invention; 

FIG. 4 is a table illustrating the results of applying an 
embodiment in accordance With the invention to several 
sample images; 

FIG. 5 is a ?oWchart illustrating an embodiment of a 
method of sharpening an image in accordance With the 
invention; and 

FIG. 6 is a schematic diagram illustrating an embodiment 
of a system that may employ an embodiment of a method of 
sharpening an image in accordance With the invention. 

10 

15 

25 

35 

45 

55 

65 

2 
DETAILED DESCRIPTION 

In the folloWing detailed description, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the invention. HoWever, it Will be understood by 
those skilled in the art that the present invention may be 
practiced Without these speci?c details. In other instances, 
Well-knoWn methods, procedures, components and circuits 
have not been described in detail so as not to obscure the 
present invention. 
As previously described, typically, image sharpening is 

employed to enhance an image by removing a blurring effect 
that may be introduced by different types of signal process 
ing and/or optical ?ltering operations. A variety of kernels 
may be employed to accomplish this result, sometimes 
referred to as sharpening kernels, depending on the impact 
of the kernel on images to Which it is applied. Typically, this 
process involves applying a convolution of the kernel With 
the image, such as a blurred image. Typically, the kernel is 
applied on a pixel-by-pixel basis. Of course, the invention is 
not limited in scope to an image having a particular siZe or 
resolution. LikeWise, the invention is not limited in scope to 
any particular spatial coding or spatial color coding tech 
nique. For example, the Well-knoWn YCrCb or RGB color 
space formats, just to provide tWo examples, may be 
employed, although a variety of different formats are fre 
quently employed, and the invention is not restricted in 
scope to any particular color space format. In the former 
color space format, Y comprises the luminance component, 
and Cr and Cb comprise the chrominance components. 
Nonetheless, as previously described, in order to appear 
visually pleasing, it may be desirable not to apply a ?xed 
kernel to different images, especially Where a variety of 
image types, classes, or categories are being processed, and 
the images, therefore, have different characteristics. 
LikeWise, employing human judgement to adjust the sharp 
ness of an image or series of images is frequently not 
practical or desirable. One situation in Which this is a 
particular challenge is in real-time image processing. 

FIG. 1 is a diagram illustrating a commonly employed 
sharpening kernel. This is referred to as a sharpening kernel 
because the greater the value of “alpha” (ot), the more the 
kernel sharpens the image. Therefore, the loWer the value of 
alpha, the less sharp the kernel makes the image. Therefore, 
the parameter “alpha” may be adjusted to control or adjust 
the sharpness of the resulting image. In this context, this is 
referred to as a “crispening parameter.” In one approach, this 
crispening parameter, alpha in this particular embodiment, 
may be tuned based, at least in part, on the content of the 
image. More particularly, an adaptive method or process 
may be employed to determine or compute the crispening 
parameter based, at least in part, upon the captured image, 
in this case based, at least in part, on a measure of the edges 
and the brightness of the captured image. In a particular 
embodiment, the crispening parameter may be computed 
based, at least in part, on a measure of the strength of the 
edges and the degree of brightness of the captured image. In 
this context, the strength of the edges refers to the magnitude 
and the rate of change from one luminance level to another 
as one moves from pixel-to-pixel, measured for the overall 
image or a portion thereof. LikeWise, in this context, the 
degree of brightness refers to the overall intensity of the 
image or a portion thereof. 

This relationship may be expressed by the folloWing 
equation: 

Alpha=F[E(I), L(I)] (1) 

Where F is a de?ned function of E and L, and E is a measure 
of the strength of the edges of an image I and L is a measure 
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of the degree of brightness of the image I. This relationship 
is based, at least in part, on the observation that a greater 
amount of sharpening may be applied to a brighter image. 
More speci?cally, sharpening an image typically has the 
effect of amplifying the noise in the image. HoWever, Where 
the image is brighter, an increase in noise is less perceived 
than for a darker image. Therefore, the content of a brighter 
image may be sharpened to a greater extent Without a 
signi?cant increase in the perceived noise in comparison 
With a darker image. Likewise, if the image has less “strong” 
edges, then it is probably more desirable to sharpen it to 
strengthen the edges, in contrast to Where the image already 
has strong edges. If an image already has strong edges, then 
sharpening it may produce edge artifacts that may result 
from applying the kernel to a “strong” or sharply contrasting 
edge. Therefore, an image With less strong edges can tolerate 
more sharpening Without producing a signi?cant amount of 
perceivable edge artifacts. 
As previously indicated, one situation in Which this 

approach may be desirable is in real-time image processing 
applications, such as video applications. For example, in 
loW-bit rate video coding and/or decoding, although the 
invention is not limited in scope in this respect, compression 
and decompression of an image typically results in the 
visibility of coding artifacts. The coding is employed in 
order to transmit the image or sequence of images over a 
limited bandWidth communications channel, although, 
again, the invention is not limited in scope in this respect. 
For example, another situation in Which sharpening may be 
desirable is With use of a still image digital camera. 
Typically, such cameras employ anti-aliasing ?lters for the 
camera sensor; hoWever, these ?lters may introducing blur 
ring that a sharpening ?lter may be employed to reduce. 
LikeWise, encoding and/or compression may also be 
employed in other situations, such as to reduce the amount 
of storage for an image, etc. Nonetheless, various processing 
techniques, such as image sharpening, may be employed in 
order to address the blurring that may result, for example, 
either due to the compression/decompression of the image or 
due to the ?ltering applied to the image to remove artifacts 
that resulted from the coding/decoding. 

FIG. 2 is a block diagram illustrating one embodiment in 
Which this type of processing may be employed. As illus 
trated by embodiment 200 in FIG. 2, after coding the video 
frame, as illustrated by block 220, the coded signals are 
transmitted via a communications channel (not shoWn); For 
example, this communications channel may comprise a Wire 
line or Wireless communications system, it may be 
broadcast, multi-cast, packet sWitched, or circuit sWitched, 
to provide a feW examples. Then, as illustrated by block 230, 
in this embodiment, the video frame is decoded at the far end 
from the received signals. In this particular embodiment 
post-process ?ltering may be employed, for example, to 
remove artifacts, although the invention is not limited in 
scope in this respect. This is indicated in FIG. 2 by block 
250. HoWever, as a result, the image may be blurred so it 
may be desirable to apply a kernel to further enhance the 
image. As previously indicated, one dif?culty is that in the 
case of video, scene changes may occur Without advance 
indication, making it dif?cult to apply an appropriate ?xed 
kernel to make the frames or images all or mostly all as 
visually appealing as desired. It Will, of course, be appreci 
ated that the invention is not limited in scope to use With any 
particular form of coding/compression and/or decoding/ 
decompression. For example, MPEG4, ISO/IEC JTC1/ 
SC29/W G11, Coding of Moving Pictures and Audio, Over 
vieW of the MPEG-4 Standard (Seoul Version), March 1999, 
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4 
H.263 V.2, ITU-T Recommendation H.263 Version 2 
(Draft), Video Coding for LoW Bit Rate Communication, 
Jan. 27, 1998, or anyone of a number of other approaches 
may be employed. 

For video frames in the YCrCb color space format, signal 
information contained in the image is divided into tWo 
chroma planes, Cr and Cb, as Well as a luminance plane, Y. 
As previously described, image sharpening is performed on 
a pixel-by-pixel basis for a given video frame in this 
particular embodiment, although, again, the invention is not 
restricted in scope in this respect. It is, of course, assumed 
for this particular embodiment that the video frame com 
prises a digital image With each pixel location having color 
space signal information in a binary digital signal format, 
although the invention is not limited in scope in this respect. 
In one embodiment, Where a YCrCb color space format is 
employed, the luminance plane signal information may be 
employed alone, as explained in more detail hereinafter. Of 
course, as previously indicated, any one of a number of color 
space coordinate systems may be used and the invention is 
not limited in scope to a particular color space coordinate 
system or to the use of color space at all. For example, in an 
alternative embodiment, the RGB color space format may be 
employed. In another example, gray scaling may be 
employed. Furthermore, any storage format may be 
employed to store the associated signals. LikeWise, although 
this particular embodiment employs the kernel shoWn in 
FIG. 1, the invention is not limited in scope in this respect. 
A variety of Well-knoWn operators for use in image sharp 
ening may be employed, such as, for example, those 
described in the textbook Fundamentals of Digital Image 
Processing by Anil Jain, published by Prentice Hall, ISBN: 
0133361659. Thus, another additional example of a kernel 
that may be employed is provided in FIG. 3. Furthermore, 
the invention is not restricted in scope to applying a kernel 
of a speci?c shape. Therefore, the kernel need not be three 
by three, and it need not even be square or include four 
corners. Any one of a number of different shapes and siZes 
are possible. 

LikeWise, it is noted that, although in this particular 
embodiment, kernel processing is performed in a spatial 
domain, the invention is not limited in scope in this respect. 
Therefore, an adaptive sharpening process may be per 
formed in any suitable domain desired, such as the fourier 
transform, discrete cosine transform, or Wavelet transform 
domain. It is, likeWise, noted that any one of a number of 
coding or compression schemes may also be employed to 
compress the frame or image. For example, a lossy or 
lossless compression scheme may be employed. It Will be 
appreciated that the choice of compression scheme may vary 
With a variety of factors, such as available bandWidth, 
available processing capability, etc. As one example, differ 
ential encoding, such as differential pulse code modulation 
(DPCM) encoding, may be employed. Again, the invention 
is not limited in scope to any particular coding and/or 
compression scheme. Furthermore, an embodiment of a 
method of sharpening an image in accordance With the 
present invention may also be employed or applied Where no 
coding or compression has occurred. HoWever, in this par 
ticular embodiment, once the encoded video frame has been 
received at the far end of the communications channel, it 
may be decoded to produce a representation of the original 
video frame. Typically, the inverse of the process performed 
to code or compress the video frame is performed in order 
to decode or decompress the video frame. 
As indicated, an embodiment of a sharpening technique in 

accordance With the present invention may be applied to 
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transmited video frames after being decompressed at the far 
end of a communications channel to enhance the received 
decoded video frames. Likewise, a sharpening technique in 
accordance With the invention may also be employed to 
enhanced stored video frames that have been decompressed 
for playback, in an alternative embodiment. In such an 
embodiment, of course, the coded or compressed video 
frame is not transmitted via a communications channel, but, 
nonetheless, it may be stored, such as on a hard drive or 
other storage medium, and then, may be read or accessed 
When it is desired to vieW the video frame or image. When 
it is read or accessed, the coded or compressed image is 
decoded or decompressed, and then may be sharpened in 
accordance With the present invention. The processing 
employed in this particular embodiment may, therefore, be 
substantially similar to that employed in an embodiment in 
Which enhancement and decompression after transmission 
by a communications channel occurs. Likewise, many other 
transmission or storage embodiments that employ image 
sharpening other than those described are possible and 
Within the scope of the present invention. 

In accordance With yet another embodiment, rather than 
applying this adaptive technique to an entire image, it may 
be applied to selected portions of an image, such as a region 
or subregion of the image. LikeWise, in an alternative 
embodiment, different kernels may be applied adaptively to 
different portions of the image, each kernel, hoWever, being 
modi?ed adaptively using a technique in accordance With 
the present invention. As just one example, as an illustration, 
it may be determined that certain kernels are better for 
sharpening high frequency images or certain kernels are 
better for sharpening loW frequency images. Therefore, it 
may be desirable to subdivide an image into high and loW 
frequency portions and apply these kernels separately to the 
different respective corresponding portions. 
Many alternative embodiments in accordance With the 

present invention are possible, and the invention is not 
restricted in scope to any one particular embodiment. For 
example, embodiments may include a video or image pro 
cessing system, a method of processing a video frame or an 
image, and a storage medium having instructions stored 
thereon that When executed by a system, such as a personal 
computer, for example, result in the execution of an embodi 
ment of a method of processing a video frame or image in 
accordance With the present invention. 
As previously described, the crispening parameter for a 

captured image, or any portion thereof, in some 
embodiments, is computed adaptively based, at least in part, 
on a measure of the edges and brightness of the captured 
image. It Will, of course, be understood that any one of a 
number of different measures of the edges of an image and 
the brightness of an image may be employed; hoWever, in 
this particular embodiment, the strength of edges is mea 
sured using the gradient magnitude for the pixels of the 
captured image, or a portion thereof, and the degree of 
brightness is measured using the luminance for the pixels of 
the captured image, or a portion thereof. Therefore, in this 
particular embodiment, adaptively computing the crisping 
parameter for the captured image, or a portion thereof, 
comprises computing a luminance value for the entire 
image, or for the portion of the image being sharpened, and 
computing a gradient magnitude value for the entire image, 
or for the portion of the image being sharpened. The 
crispening parameter is then computed, in this embodiment, 
based, at least in part, on the relative values of the luminance 
value and the gradient magnitude value that Were computed. 
More particularly, the greater the luminance, the greater the 
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6 
alpha, because, as previously indicated, in brighter regions 
it is possible to tolerate more sharpness because the bright 
ness makes ampli?cation of the noise less perceptible. 
LikeWise, the greater the strength of the edges, the loWer 
alpha, as previously indicated. In this particular 
embodiment, this comprises computing the crispening 
parameters substantially in accordance With the folloWing 
relationship: 

Where a is a constant factor derived from the gradient 
magnitude operation equal to the square root of 6. For 
equation (2), the gradient magnitude Was determined using 
the Well-knoWn PreWitt operator, as described, for example, 
in the aforementioned text Fundamentals of Digital Image 
Processing, although any gradient operator or difference 
operator may be employed to measure the edges in the 
image. Of course, it may be desirable to modify equation (2) 
above to re?ect the different gradient Where that equation or 
a variant thereof is being employed. One advantage of 
employing this particular relationship is that, although for a 
?at image, the gradient magnitude value Will be Zero, the 
denominator of the fraction in equation (2) Will never be 
Zero and, therefore, the crispening parameter Will never be 
unde?ned. Of course, although the relationship in equation 
(2) provides acceptable results, as explained in more detail 
beloW, it is Well-understood that the invention is not 
restricted in scope to this relationship. Other relationships 
may also provide acceptable results. Furthermore, it may be 
that certain relationships provide better results for certain 
classes or categories of images or certain sets of image 
characteristics. Therefore, for those categories, or classes, 
for example, it may be desirable to employ a different 
relationship to compute-the crispening parameter, in this 
embodiment, alpha. FIG. 5 is a ?oWchart Illustrating a 
particular embodiment, such as previously described. 

Of course, one aspect of this particular embodiment is 
computing the luminance value and the gradient magnitude 
value. Again, any one of a number of different techniques 
may be employed. HoWever, in this particular embodiment, 
it is desirable to use a technique in Which the luminance 
value is normaliZed, offsets are removed or reduced, and a 
Weighted measure of luminance values is employed. In this 
particular embodiment, the measure of brightness is 
Weighted by computing the mean luminance value of all or 
substantially all of the image pixels in the region being 
sharpened, although the invention is not limited in scope in 
this respect. Other Weighted measures other than a mean 
value may be employed. LikeWise, the measure is normal 
iZed in this particular embodiment by dividing by a value 
representing the range of luminance values for the image 
pixels or at least substantially all the image pixels in the 
region being sharpened. One approach Would be to subtract 
the greatest luminance value from the smallest luminance 
value. HoWever, an alternate approach is to compute a 
luminance value that has beloW it ?ve percent of the 
luminance values over the particular region(L5), and a 
luminance value that has ?ve percent of the luminance 
values above it (L95), and subtract those values. An advan 
tage of this alternative approach is that it reduces the risk 
that outlier luminance values Will impact the calculation in 
a signi?cant Way. Again, the invention is not limited in scope 
in this respect and other approaches to normaliZing may be 
employed. LikeWise, in this particular embodiment, the 
offset of the measure is removed or reduced by subtracting 
L5 from the mean value, although, if another Weighted 
measure or normaliZation approach is employed then a 
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different luminance value may be subtracted from that 
Weighted measure. Therefore, in this particular embodiment, 
the luminance value for the region is computed substantially 
in accordance With the following relationship. 

Where, as previously indicated, these luminance values are 
computed over the entire region being sharpened or at least 
substantially all of the image pixels in the region being 
sharpened. 

It is noted that a similar approach may be employed Where 
the measure of the edges of the captured image or a portion 
of the captured image is the gradient magnitude, although 
the invention is not restricted in scope in this respect. 
Therefore, for this particular embodiment, 

Where G is the gradient magnitude computed in accordance 
With the PreWitt operator, as previously indicated, for this 
particular embodiment. 

Of course, once alpha is determined, then, the particular 
kernel may be applied to the captured image, or any portion 
thereof, using the adaptively computed crispening 
parameter, in this case, alpha. As previously indicated, this 
approach may be applied to any image, regardless of format 
or color space. For example, Where the YC,Cb color space 
format is employed, the relationships above are applied to 
the luminance plane signal information. Likewise, once 
alpha is determined for a particular image, or portion 
thereof, the kernel is then applied, again, to the luminance 
plane signal information. This is because that plane contains 
all the non-color signal information for the image, and, 
therefore, processing the other planes is unnecessary. In 
contrast, if the RGB color space format is employed, then 
the relationships above may, in one embodiment, be applied 
to the green plane; hoWever, once alpha is determined, then 
the kernel is applied to all three planes. This approach may 
be employed because the green plane contains enough 
luminance signal information to make the desired alpha 
determination; hoWever, because the other planes also con 
tain luminance signal information, sharpening is applied to 
those planes as Well. 
An aspect of the foregoing embodiments in accordance 

With the invention is the capability to automatically adjust 
the sharpening of an image or sequence of images based, at 
least in part, on the content of the image. This results in the 
sharpened images being more visually pleasing than if, for 
example, a ?xed kernel Were applied, or, if a non-?xed 
kernel Were applied on a basis other than the content of the 
image being sharpened. It Will, of course, be understood by 
one of ordinary skill in the art that an embodiment in 
accordance With the invention may be implemented in 
hardWare, softWare, or a combination thereof. For example, 
FIG. 6 illustrates an embodiment including a digital imager 
coupled to a computing platform, here a personal computer, 
such as a desktop or laptop. In this embodiment, imager 610 
includes hardWare to apply an embodiment in accordance 
With the invention to a captured image. Of course, alterna 
tive embodiments may include softWare or a combination of 
hardWare and softWare. In this embodiment, after 
processing, the signals are transferred to PC 620, typically 
for additional processing. 

FIG. 4 is a table illustrating the results of applying an 
embodiment in accordance With the present invention to 
several sample images. The ?rst column provides the peak 
signal to noise ratio (PSNR) from applying a ?xed kernel 
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8 
With alpha being one (1.0). PSNR is de?ned, for example, in 
the aforementioned text Fundamentals of Digital Image 
Processing. Column four provides the alpha that Would be 
selected manually based on human judgement, Where the 
step siZe for alpha is 0.25 and alpha is betWeen Zero and one 
inclusive. Columns tWo and three provide, respectively, the 
PSNR and alpha that Would be computed if the embodiment 
in accordance With the invention previously described Were 
applied, such as equations (1), (2), (3), and As 
illustrated, the resulting alphas are reasonably close to those 
that result from using human judgement, and the resulting 
PSNR is better than the results from applying a ?xed alpha. 

While certain features of the invention have been illus 
trated as described herein, many modi?cations, 
substitutions, changes, and equivalents Will noW occur to 
those skill in the art. It is, therefore, to be understood that the 
appended claims are intended to cover all such modi?cations 
and changes as fall Within the true spirit of the invention. 
What is claimed is: 
1. A method of sharpening an image comprising: 
adaptively computing a crispening parameter for at least 

a portion of a captured image based, at least in part, on 
a measure of the edges and the brightness of the at least 
a portion of the captured image, comprising: 

computing a luminance value for the at least a portion of 
the captured image; 

computing a gradient magnitude value for the at least a 
portion of the captured image; and 

computing the crispening parameter based, at least in part, 
on, approximately, the relative values of the computed 
luminance value and the computed gradient 

magnitude value; and 
applying a kernel to the at least a portion of the captured 

image using the adaptively computed crispening 
parameter. 

2. The method of claim 1, Wherein adaptively computing 
a crispening parameter for at least a portion of a captured 
image comprises adaptively computing a crispening param 
eter for at least a portion of a captured image based, at least 
in part, on a measure of the strength of the edges and the 
degree of brightness of the at least a portion of the captured 
image. 

3. The method of claim 2, Wherein the strength of the 
edges are measured using the gradient magnitude value for 
the pixels of the at least a portion of the captured image and 
the degree of brightness is measured using the luminance 
value for the pixels of the at least a portion of the captured 
image. 

4. The method of claim 3, Wherein computing the crisp 
ening parameter is based, at least in part, on, approximately, 
the relative values of the computed luminance value and the 
computed gradient magnitude value comprises computing 
the crispening parameter substantially in accordance With 
the folloWing relationship: 

Where alpha is the crispening parameter, L is the computed 
luminance value, and E is the computed gradient magnitude 
value. 

5. The method of claim 3, Wherein the computed lumi 
nance value comprises a normaliZed, offset reduced, 
Weighted measure of the luminance values of at least sub 
stantially all the image pixels in the at least a portion of the 
captured image. 

6. The method of claim 5, Wherein the measure is 
Weighted by computing the mean luminance value of at least 
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substantially all of the image pixels in the at least a portion 
of the captured image. 

7. The method of claim 5, Wherein the measure is offset 
reduced, from the mean luminance value, subtracting a 
luminance value that is greater than the 5 percent loWest 
luminance values of at least substantially all of the image 
pixels in the at least a portion of the captured image. 

8. The method of claim 5, Wherein the measure is nor 
maliZed by dividing by a computed range of luminance 
values of at least substantially all of the image pixels of the 
at least a portion in the captured image. 

9. The method of claim 8, Wherein the computed range of 
luminance values is substantially in accordance With the 
folloWing relationship: 

Where L95 is the luminance value smaller than 95 percent of 
the luminance values, and L5 is the luminance value greater 
than 5 percent of the luminance values, of at least substan 
tially all of the image pixels in the at least a portion of the 
captured image. 

10. The method of claim 5, Wherein the luminance value 
is computed substantially in accordance With the folloWing 
relationship: 

Where L is the luminance value for the at least a portion of 
the captured image, Lmean is the mean luminance value of at 
least substantially all of the image pixels in the at least a 
portion of the captured image, L95 is the luminance value 
smaller than 95 percent of the luminance values, and L5 is 
the luminance value greater than 5 percent of the luminance 
values, of at least substantially all of the image pixels in the 
at least a portion of the captured image. 

11. The method of claim 3, Wherein the computed gradient 
magnitude value for the at least a portion of the captured 
image comprises a normaliZed, offset reduced, Weighted 
measure of the gradient magnitude values of at least sub 
stantially all the image pixels in the at least a portion of the 
captured image. 

12. The method of claim 11, Wherein the measure is 
Weighted by computing the mean gradient magnitude value 
of at least substantially all of the image pixels in the at least 
a portion of the captured image. 

13. The method of claim 12, Wherein the measure is offset 
reduced by, from the mean gradient magnitude value, sub 
tracting a gradient magnitude value greater than 5 percent of 
at least substantially of the image pixels in the at least a 
portion of the captured image. 

14. The method of claim 11, Wherein the measure is 
normaliZed by dividing by a computed range of gradient 
magnitude values of at least substantially all of the image 
pixels in the at least a portion of the captured image. 

15. The method of claim 8, Wherein the computed range 
of gradient magnitude values is substantially in accordance 
With the folloWing relationship: range=G95—G5, Where G95 
is the gradient magnitude value smaller than 95 percent of 
the gradient magnitude values, and G5 is the gradient 
magnitude value greater than 5 percent of the gradient 
magnitude values, of at least substantially all of the image 
pixels in the at least a portion of the captured image. 

16. The method of claim 11, Wherein the gradient mag 
nitude value is computed substantially in a accordance With 
the folloWing relationship: 

Where G is the gradient magnitude value for the at least a 
portion of the captured image, G is the mean gradient mean 
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magnitude value of at least substantially all of the image 
pixels in the at least a portion of the captured image, G95 is 
the gradient magnitude value smaller than 95 percent of the 
gradient magnitude values, and G5 is the gradient magnitude 
value greater than 5 percent of the gradient magnitude 
values, of at least substantially all of the image pixels in the 
at least a portion of the captured image. 

17. The method of claim 1, Wherein the at least a portion 
of the captured image comprises an entire captured image. 

18. An article comprising: 

a storage medium; 
said storage medium having stored thereon, instructions, 

that, When executed, result in the folloWing: 
adaptively computing a crispening parameter for at 

least a portion of a stored image based, at least in 
part, on a measure of the edges and the brightness of 
the at least a portion of the stored image, including: 
computing a luminance value for the at least of 

portion of the stored image; 
computing a gradient magnitude value for the at least 

a portion of the stored image; and 
computing the crispening parameter based, at least in 

part, on, approximately, the relative values of the 
computed luminance value and the computed gra 
dient magnitude value; and 

applying a kernel to the at least a portion of the stored 
image using the adaptively computed crispening 
parameter. 

19. The article of claim 18, Wherein the instructions, When 
executed, further result in adaptively computing a crispening 
parameter for at least a portion of a stored image based, at 
least in part, on a measure of the strength of the edges and 
the degree of brightness of the at least a portion of the stored 
image. 

20. The article of claim 19, Wherein the instructions, When 
executed, result in the strength of the edges being measured 
using the gradient magnitude value for the pixels of the at 
least a portion of the stored image and the degree of 
brightness being measured using the luminance value for the 
pixels of the at least a portion of the stored image. 

21. The article of claim 20, Wherein the instructions, When 
executed, result in computing the crispening parameter 
substantially in accordance With the folloWing relationship: 

Where alpha is the crispening parameter, L is the computed 
luminance value, and E is the computed gradient magnitude 
value. 

22. The article of claim 20, Wherein the computed lumi 
nance value comprises a normaliZed, offset reduced, 
Weighted measure of the luminance values of at least sub 
stantially all the image pixels in the at least a portion of the 
stored image. 

23. The article of claim 20, Wherein the measure is 
Weighted by computing the mean luminance value of at least 
substantially all of the image pixels in the at least a portion 
of the stored image. 

24. The article of claim 22, Wherein the measure is offset 
reduced by, from the mean luminance value, subtracting a 
luminance value that is greater than the 5 percent loWest 
luminance values of at least substantially all of the image 
pixels in the at least a portion of the stored image. 

25. The article of claim 22, Wherein the measure is 
normaliZed by dividing by a computed range of luminance 
values of at least substantially all of the image pixels of the 
at least a portion of the stored image. 
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26. The article of claim 18, wherein the at least a portion 
of the stored image comprises an entire stored image. 

27. A system comprising: 
a digital imager; 
said digital imager including the capability to adaptively 

compute a crispening parameter for at least a portion of 
a captured image based, at least in part, on a measure 
of the edges, the brightness of at least a portion of the 
captured image, including a relative magnitude of a 
piXel luminance and a piXel gradient magnitude. 

28. The system of claim 27, Wherein said digital imager 
further includes the capability to apply a kernel to the at least 
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a portion of the captured image using the adaptively com 
puted crispening parameter. 

29. The system of claim 27, and further comprising a 
computing platform coupled to the digital imager. 

30. The system of claim 29, Wherein the computing 
platform comprises a personal computer. 

31. The system of claim 30, Wherein the personal com 
puter comprises one of a laptop and a desktop computer. 

32. The system of claim 27, Wherein the at least a portion 
of the captured image comprises an entire captured image. 

* * * * * 


